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RELATED APPLICATION 
[0001] This application is based on priority Provisional Application 
Serial No. 60/179,164, filed January 31, 2000. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] This invention relates to analyte enclosures to be used in 
conjunction with sensing devices. In particular, this invention relates to evaluation of the 
contents of a sealed primary container by means of an integral sensor which is separated 
from the contents of the sealed primary container yet provides information on quality of 
the contents of the primary container without breaking the sealed system. 

2. Description of the Related Art 

[0003] The background for this invention is presented in the context of 
human blood cells, because of their great societal importance and especially because of 
limitations of current procedures used for their storage. However, the invention could 
have been presented in a context of food storage and processing, production of valuable 
molecules by biofermentation, or industrial processing such as electroplating or acid/base 
treatment of products. 

[0004] Typically, blood is obtained from donors and fractionated into 
components including erythrocytes, platelets, lymphocytes, and plasma. Erythrocytes and 
platelets are separately packaged as "units", which then are held at appropriate 
temperature and distributed for later transfusion into patients. Each unit is aseptically 
placed into a previously sterilized plastic bag and sealed therein. Despite careful 
attention to aseptic processing, there is a probability that a given unit of blood cells will 
be contaminated with microbes. 

[0005] With erythrocytes, current FDA regulations limit use to within 
24 days after collection in an effort to minimize risk to patients from infusion of a 
contaminated unit of cells. Often endotoxins rather than the bacteria per se cause the 
problem with erythrocytes. With platelets, there is similar concern about microbial 
contamination, but their use is limited to 5 days because of metabolic self-damage. A 
recent review (Blajchmann, 1999) noted that 1 in -2,500 units of platelets and 1 in 



-38,500 units of erythrocytes was contaminated with bacteria. A New Zealand study 
reported that 1 of 65,000 individuals will get very sick after transfusion of erythrocytes 
and 1 of 104,000 will die because of one specific organism. Data from other countries, 
including the USA, provide both higher and lower risk factors, but there is substantial 
hazard associated with use of erythrocytes and especially platelets (Lee, 1999). 

[0006] Currently there is no acceptable method to determine if a unit of 
blood is contaminated just before transfusion of the contents into a patient. This is 
because sampling the contents requires opening the bag, with resultant risk of introducing 
contamination, and evaluation of the sample acquired. Because a laboratory setting is 
required, it is difficult or impossible to make a "use" or "non-use" decision in a few 
minutes. Clearly* a diagnostic method or device to allow. a use or non-use decision 
without opening the unit of blood would have great utility if it had a very high probability 
of giving the correct conclusion. 

BRIEF DESCRIPTION OF THE INVENTION 

[0007] A device and method of the present invention allows evaluation 
of the contents of a sealed primary container by means of an integral sensor which is 
separated from the contents of the sealed primary container yet provides information on 
quality of the contents of the primary container without breaking the sealed system. The 
integral sensor device includes a biosensor retained within a plastic construct by a gated- 
pore membrane. Pores in the membrane open in response to an environmental change in 
the primary container allowing the contents of the primary container to contact the 
biosensor. Status of the contents of the primary container can be determined by 
inspection of the biosensor, visually or via a fiberoptic probe, through the optical window 
of the plastic construct. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Fig. 1 is a schematic representation of a stock membrane and an 
occluded membrane according to the present invention; 

[0009] Fig. 2 is a schematic representation of the functioning of six 
classes of biosensors; 

[0010] Fig. 3 is a schematic representation of a device according to the 
present invention for visual detection of a signal from a biosensor; 

[0011] Fig. 4 is a schematic representation of a device according to the 
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present invention for monitoring a change within a closed primary container, when visual 
detection of changes in the biosensor or configuration of the device is inappropriate; 

[0012] Fig. 5 is a schematic representation of a device according to the 
present invention with an outer opaque element; 

[0013] Fig. 6 is a graph of measured light intensity vs. concentration as 
measured in the device of Fig. 5; 

[0014] Fig. 7 is a graph of measured light intensity vs. ratio of labeled 
beads to plain beads as measured in the device of Fig. 5; 

[0015] Fig. 8 is a graph of measured light intensity vs. available 
fluorescein as measured in the device of Fig. 5; 

[0016] Fig. 9 is a graph of measured light intensity vs. pH as measured 
in the device of Fig. 5, showing pH responsiveness of FITC; 

[0017] Fig. 10 is a graph of measured light intensity vs. pH as measured 
in the device of Fig. 5, showing pH non-responsiveness of phycoerythrin-cyanin-5 
strepavidin; and 

[0018] Fig. 1 1 is a graph of the ratio of two wavelengths of emitted light 

vs. pH as measured in the device of Fig. 5. - 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] Primary container - In this disclosure, we use the term "primary 

container" in a broad sense, to include any container for cells, foods, or industrial 

materials. 

[0020] Integral sensor - In this disclosure, we use the term "integral 
sensor" to designate one of many devices as disclosed herein. An "integral sensor" 
typically is incorporated into a primary container, prior to sterilization if appropriate, and 
separates a biosensor (see below) from the contents of the sealed primary container yet 
provides information on quality of the contents of the container without breaking the 
sealed system. 

[0021] Gated-pore membrane - In this disclosure, we use the term 
"gated-pore membrane" in a broad sense, to include any separation barrier containing one 
or more pores which have been occluded as taught in U.S. Patent No. 5,261,870, pending 
patents, or other procedures. Such a separation barrier has one or more pores which 
initially are closed, but which will open in response to a change in the local environment 



to an extent sufficient to allow passage of ions or molecules, as appropriate. The 
occluding material might erode, dissolve, or change three-dimensional form, depending 
on design of the gated-pore membrane. 

[0022] Gate - In this disclosure, we use the term "gate" in reference to 
one or more pores through a separation barrier. The gate is "closed" if the pore is 
occluded to prevent passage of ions or molecules. The gate is "open" if the occluding 
material has eroded, dissolved or changed three-dimensional form sufficiently to allow 
passage of one or more species of selected ions or molecules. 

[0023] Sensor compartment - In this disclosure, we use the term "sensor 
compartment" in reference to a component of an integral sensor, with said component 
formed in part from a gated-pore membrane and in part from a plastic construct. The 
sensor compartment contains and positions a biosensor where it can become accessable 
to ions, molecules, or cells entering from the primary container and also positions that 
biosensor where it can be interrogated in a consistent manner through a special optical 
window or, alternatively, through a portion of the primary container. 

[0024] Biosensor - In this disclosure, we use the term "biosensor" in 
reference to a component of a device, with said component designed to respond to a 
molecular change(s) in the local environment in a known and consistent manner with a 
response or signal that can be detected or measured using procedures known to those 
skilled in the art. The change in local environment, or microenvironment, might be ionic, 
molecular or cellular in nature. 

[0025] Receptor - In this disclosure, we use the term "receptor" in 
reference to any detector molecule, either synthetic or natural in origin, or antibody 
incorporated into a biosensor. A receptor has reasonable affinity and specificity for one 
or more "ligands" (see below). 

[0026] , Ligand - In this disclosure, we use the term "ligand" in reference 
to a specific ion(s), molecule(s), or cell(s) accumulating or disappearing within a primary 
container over time. Accumulation of ligand within the primary container will result in 
a change in the proportion of unoccupied receptor to ligand-receptor complexes, and a 
change in characteristics the of a biosensor. 



[0027] The present invention consists of devices and methods which 
allow evaluation of the contents of a sealed primary container by means of an integral 
sensor which is separated from the contents of the sealed primary container yet provides 
information on quality of the contents of the primary container without breaking the 
sealed system. The integral sensor device might be a hollow cylinder or a shallow 
construct. One end or face of the device is a gated-pore membrane whose pores normally 
are occluded, by one of many approaches, forming one end of a sensor compartment, 
containing a biosensor appropriate for the task, with the other end of the sensor 
compartment formed by an optical window recessed in from the end opposite to the 
gated-pore membrane or formed by a wall of the primary container. Typically, the 
integral sensor device is fabricated separately from the primary container and 
incorporated into the primary container during final fabrication, before sterilization. 
Certain embodiments of the device are therefore capable of aseptic operation. The status 
of the contents of a primary container for blood cells, other cells, foods, or industrial 
products can be determined by inspection, visually or via a fiberoptic probe through the 
optical window of a plastic construct incorporated into said primary container at 
fabrication, of the biosensor retained within said plastic construct by a gated-pore 
membrane, the pores in which opened in response to an environmental change in said 
primary container allowing the contents of said primary container to contact and cause 
a change in said biosensor. In one embodiment, after the cell suspension or product is 
placed into the container, the gated-pore membrane opens and allows continuous 
exposure of the biosensor, within the sensor compartment, to the contents of the primary 
container. Changes within the primary container affect the signal from the biosensor, 
which can be quantified at any instant in time by viewing the optical window of the 
device with an appropriate sensor, as above, providing a measure of quality without 
opening the primary container. In another embodiment, after the cell suspension or 
product is placed into the container, the gated-pore membrane remains closed until a 
predetermined change occurs within the primary container which causes the gated-pore 
membrane to open allowing fluid to enter the sensor compartment and contact the 
biosensor, which then responds with an appropriate signal. Changes in the primary 
container that can be detected include, but are not limited to, a decrease or increase in pH 
away from a threshold value or accumulation of one or more members of a preselected 



class of molecules, including toxins produced by bacteria, above a threshold value. A 
great range in utility is possible because, depending on the device and method, both the 
material(s) occluding the gated-pore membrane and material(s) forming the biosensor can 
be varied independently or in combination. Hence, a predetermined change in contents 
of the primary container can be evidenced by opening of the gated-pore membrane and/or 
a change in the signal from the biosensor. A number of other embodiments or uses would 
be obvious to one skilled in the art, and the examples herein illustrate but do not set the 
limits of this invention. 

[0028] An ideal test should detect one bacterium in the presence of 
10,000 platelets, with a low false positive (contaminated) rate, and be reliable regardless 
of the species of contaminant, simple in complexity, completed in minutes, and low in 
cost. This might be unattainable, but can be approached by combining emerging 
technologies in a novel manner. For example, it is known that bacteria can be collected 
on surfaces using synthetic materials (Hogt et al., 1983; Mackenzie and Rivera-Calderon, 
1985; Barrett, 1988; Barth et al., 1989) or biomaterials (Abraham, et al., 1983; Kuusela 
et al., 1985; Vercellotti et al., 1985; Speziale et al., 1986; Herrmann et al., 1988). 
Incorporation of such materials into a gated-pore membrane or biosensor, as disclosed 
herein, should enhance the probability of detecting such organisms. 

[0029] Conventional membranes with pores of known size (e.g., 0.1 or. 
3.0 m nominal diameter) can be fabricated into special gated-pore membranes, and then 
fabricated into a container or other device (U.S. Patent No. 5,261,870). The gated-pore 
membrane can provide a closed container which opens only when predefined conditions 
are met, and the material occluding or otherwise closing the pores is altered so that the 
gates previously blocking passage of molecules through the pores is opened. An almost 
infinite combination of membranes, pore diameters, and occluding materials is 
envisioned in US Patent 5,261,870 and other disclosures. Importantly, the conditions on 
one side of the gated-pore membrane and not mechanical, electrical or other 
interventions, determine when the pores open and allow passage of molecules through 
the membrane into the sensor compartment. 

[0030] Biosensors can be designed to respond to many molecular 
changes in the environment. The color change of a pH indicator in response to proton 
concentration or certain dipsticks to glucose concentration are two common and simple 



examples. Biosensors sensitive to one or another molecular stimulus can be incorporated 
into beads or micro-beads, and frequently can be designed to change color or emit light 
of a given wavelength when exposed to light of an appropriate wavelength (i.e., 
fluorescence). These or other changes can be monitored with a variety of detectors, 
ranging from the human eye to fiberoptic electronic devices with a digital readout. 

[0031] Obviously, if a gated-pore membrane, with appropriate 
properties, served to seal an appropriate biosensor within an otherwise impervious 
container, the gated-pore membrane would: (a) retain the biosensor in place; and (b) 
determine when, if ever, the biosensor received the stimulus driving the response. Such 
a device could be a plastic cylinder, series of concentric cylinders, shallow construct, or 
of any other shape so long as it positioned the biosensor in a manner conveniently 
accessible to the detection device. If desirable, the device might include a clear optical 
window, through which a separate detector could view the biosensor, but would have 
opaque walls to minimize stray light from falling on the sensor or detector. Although not 
necessary, frequently, it would be desirable to have the optical window, and the sensor 
compartment, located more than 1 cm from the open end of the construct (the end 
opposite from that with the gated-pore membrane). Alternatively, a portion of the wall 
of the primary container can serve as the optical window to view a biosensor contained 
in a shallow construct. 

[0032] In one embodiment, the gaied-pore membrane is fabricated using 
an occluding polymer such as methylcellulose, or other polymers or mixtures taught in 
U.S. Patent No. 5,261,870 with the intent that the pores would remain occluded until a 
cell suspension had been placed into the primary container incorporating the device. At 
a predetermined interval (e.g., 5 to 15 minutes) after water contacted the gated-pore 
membrane, the occluding material would erode or dissolve, the gates open, and free 
exchange of molecules across the membrane would occur by diffusion and other forces. 
The biosensor then would start to sample the contents of the primary container, limited 
only by diffusion within the sensor compartment, diffusion across the gated-pore 
membrane, and correctness of the sampling site of the external face of the gated-pore 
membrane. Occasional or continuous movement of the primary container or its contents 
might facilitate accurate sampling. Changes in the biosensor might be detected visually 
or via a fiberoptic probe and appropriate instrumentation. In this embodiment, the 
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biosensor provides specificity for detection of molecular changes within the primary 
container, and the gated-pore membrane retains the biosensor and prevents premature 
sampling. 

[0033] In another embodiment, the gated-pore membrane is fabricated 
with a special occluding material selected to respond to a specific stimulus and not the 
mere presence of water. An incomplete list of materials which might be used to occlude 
the pores in membranes used for this embodiment is provided below. This stimulus 
opening the gated-pores might be a decline in pH within the primary container, possibly 
caused by normal cellular metabolism or especially that of contaminating microbes, or 
accumulation of a secreted bacterial toxin. In this embodiment, the gated-pore membrane 
remains closed after the cell suspension or product is placed into the container and opens 
only if and when the triggering stimulus occurs. At that time, the gated-pores open 
allowing water to pass through the membrane and into the detector compartment, carrying 
along whatever ions or molecules that might be in the water. The sensor would change 
from contact with water, for example from a green to a white color discernable by the 
human eye, or in response to specific molecules or ions entering the detector chamber 
with the water. In the case of a simple color change in such a pH-sensitive device 
incorporated into a bag of erythrocytes, visual inspection for a green rather than a white 
color before use might be sufficient to preclude a decreased pH associated with microbial 
contamination. 

[0034] In these or other embodiments, it is not essential that the material 
occluding the gated-pore membrane completely block the pores or micropores through 
the membrane, so long as the molecules to which the biosensor responds cannot gain 
access through the membrane to the biosensor. 

[0035] Utility of such devices is defined by the combination of 
membrane stock plus materials plugging the pores to form the gated-pore membrane, 
precision or repeatability in opening of the occluded pores, nature of the biosensor, and 
sensitivity of the detector plus biosensor to detect the monitored event. Depending on the 
application, the magnitude of the change to trigger a detected response can be adjusted 
either via the occluding material or the biosensor. In all cases, response of the detector 
is not dependent on mechanical or electrical forces, although readout might require an 



instrument. With appropriate instrumentation, signals in a remote or isolated area can be 
detected. 

Membrane stock materials 

[0036] Membrane stock used to form the gated-pore membrane can be 
any of those commercially available, e.g., fibril membranes with a "haystack" structure, 
microporous membranes with a "sponge-like" structure, and track-etched or capillary- 
pore membranes with a "tunnel" structure. Although others have used membranes, either 
preformed or formed in place, to position biosensors against a fiberoptic or other detector, 
gated-pore membranes have not been used for this purpose. Gated-pore membranes for 
this application could be prepared using microporous membrane stock. However, 
characteristics unique to capillary-pore membrane stock frequently make this the material 
of choice to form gated-pore membranes for use in biosensor detectors as described 
herein. Alternatively, one might use a stock membrane which incorporates the ability to 
change in response to pH (Maeda et al. s 1984; Kinoshita et al., 1 994). 
Materials to occlude pores in membrane stock 

[0037] Materials to occlude preformed pores in a stock membrane and, 
thereby, form a gated-pore membrane, might be selected from members of the classes 
listed below, but these are illustrative and not inclusive. A generic resultant gated-pore 
membrane is illustrated in Fig. 1 . Importantly, occluding material within the pores is the 
functional element rather than residual occluding material that might be retained on the 
membrane faces around the pores. Many of the potentially useful materials have been 
used for other applications, but none has been used to fill preformed pores in a membrane 
to control access of material on one side of the membrane to a biosensor positioned 
behind the membrane where accessible to a detector. All materials applicable for this 
application are considered as under the scope of this invention, recognizing that in some 
instances the material might be patented. 

1 . Non-protein polymers responding to changes in pH by dissolution or a 
change. in hydration and volume such as carboxymethyl or diethylamino 
cellulose. When used to occlude pores in conventional membrane stock, 
such polymers shrink (open the "gate") in response to pH. 

2. Protein polymers responding to changes in pH or other environmental 
factor(s), by a change in conformation or other attributes. Such proteins 
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become longer or shorter, or greater or lesser in globular vs. linear or 
helical nature, in response to pH (Ito et al., 1990, 1997; Huyghues- 
Despointes et al., 1993; Holtzer, 1994; Spek et al., 1995; Urry, 1997) and 
thus open or close the "gates". 
3. Lipid bilayers or similar lipid-containing composites responding to an 
increased concentration of a bacterial product, such as a secreted toxin 
(e.g., porin-type toxins secreted by E coli, Staphyloccus, or Streptococus). 
Numerous methods might be used to prepare lipid bilayers (U.S. Patent 
No. 5,368,712; Sackmann, 1996) supported by the structure of tunnels 
within a capillary-pore membrane. 
Materials to form or coat biosensors 

[0038] Understanding of a biosensor is facilitated by analogy to classic 
receptor-ligand interactions, where in respect to this invention the term "receptor" is any 
detector molecule, either synthetic or natural in origin, or antibody bound on a solid 
substrate, termed the biosensor, and the term "ligand" is a specific ion(s), molecule(s), 
or cell(s) accumulating or disappearing within a primary container over time. The 
receptor has reasonable affinity and specificity for the ligand. Accumulation of ligand 
within the primary container will result in a change in the proportion of unoccupied 
receptor to ligand-receptor complexes. Appropriate selection of the ligand and receptor 
molecules allows detection of this change in ratio of unoccupied vs. occupied receptors 
by an altered spectroscopic property from either of the separate ligand or receptor 
molecules or their complexes. Alternatively, a signal moiety might be conjugated to the 
receptor and provide amplified evidence of the status as unoccupied or occupied. If 
appropriate, the change in ratio of unoccupied vs occupied receptors might be amplified 
by a property intrinsic to the solid substrate. 

[0039] There is no limit to biosensors appropriate for this device, 
insofar as they undergo a change in signal character, upon exposure to the change in 
microenvironment to be detected, which can be detected or measured by any form of 
spectroscopy (e.g., luminescence, fluorescence, absorbance, infrared, magnetic, light 
scatter, etc.). In certain cases, the material or cells stored can provide the requisite signal: 
However, use of special biosensors increases the nature of changes that can be monitored. 
Many of the potentially useful biosensors have been used for other applications, but none 
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has been positioned in a viewable compartment formed in part by a gated-pore membrane 
initiating access of the molecules, ions or bacteria to be detected and formed in part by 
an optical window allowing detection of the signal resulting from the biosensor. 
Biosensors often contain two active elements; namely, the detector material(s) and the 
signal material(s), which frequently are combined within a combination molecule. 

[0040] Although we use plastic beads as the example solid substrate, 
this invention is not limited in this respect. The solid substrate can have any three- 
dimensional shape; include impervious or permeable materials; include smooth, 
microporous or complex surfaces; etc. This patent is not limited by the nature or shape 
of the solid substrate. Similarly, this invention is not limited by the method used to attach 
the detector molecules to the solid substrate. 

[0041] Detector molecules can be attached to the surface of the 
biosensor (e.g., plastic or glass bead) by simple adsorption, direct covalent attachment, 
or via an affinity tag (Anonymous 1999a, 1999b; Nolan et ah, 1999; Song and Swanson, 
1999). Alternatively, the solid surface might be pre-coated with lipids and then lipophilic 
ligand-detector molecules partitioned therein (Nolan et al, 1999). If not in a combination 
molecule with the detector material, the signal material must respond to the change in 
status of the detector material (occupied vs unoccupied) and the change in the signal must 
be a change in a characteristic absorption or emission property within the electromagnetic 
spectrum. An absorbance or fluorescent signal is most common. 

[0042] Any biosensor appropriate for this application is considered as 
under the scope of this invention, recognizing that in some instances the biosensor might 
be patented. In this discussion we will consider a bead-shaped biosensor, but all shapes 
are claimed. Appropriate concepts for biosensors might be considered in several classes 
(shown schematically in Fig. 2; for easy reference, given designations herein) which 
include, but are not limited to: 

Class- 1 : A bead coated with a fluorescent receptor targeting an epitope or 

ligand characteristic of, or secreted by, bacteria of interest and 
which fluoresces only when its conformation is altered by binding 
of the ligand. Detection of bound ligand is via fluorescence when 
the biosensor is illuminated with light of an appropriate 
wavelength. 
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A bead coated with lipid in which are positioned appropriate 
fluorochrome-receptor complexes, anchored therein, which 
fluoresce only when their conformation is altered by binding of 
the ligand. Detection of bound bacterial products is via 
fluorescence when the biosensor is illuminated with light of an 
appropriate wavelength. 

A bead coated with lipid or otherwise prepared in which are 
positioned low concentrations of two different fluorescent 
receptors each binding the ligand, so that concurrent binding of a 
ligand molecule by both receptors brings them in closer proximity 
and enables charge-coupling excitation to produce light of a 
unique wavelength when the biosensor is illuminated with light of 
an appropriate wavelength. In this case, appropriate external 
excitation causes only one receptor to fluoresce and although that 
light is not detected it does excite, by fluorescence resonance 
transfer, the second receptor and causes it to emit light of a unique 
wavelength detectable by the fiberoptic probe. Because 
fluorescence of the second receptor is dependent on proximity to 
the first, achieved only by both binding to ligand, such systems 
can be very specific. 

A bead coated with lipid or otherwise prepared to accept a mixed- 
matrix, in which one receptor- A is designed to bind a certain class 
or type of cell, which after binding continues to release material 
serving as the ligand bound by the nearby second receptor-B, 
causing a rapid shift from unoccupied to occupied receptor-B 
molecules and a detectable spectral change. Positioning a 
chemoattractant on the biosensor could further enhance sensitivity 
of a mixed-matrix surface. 

A bead coated with lipid or otherwise prepared to accept a 
detection substrate-fluorochrome which can serve as a substrate 
for a specific class of enzymes secreted by bacteria or other cells. 
In this biosensor, the substrate is designed to contain two 
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fluorescent groups with one on either side of the enzymatic 
cleavage site in close proximity while the molecule is intact but 
. substantially farther apart after the substrate is cleaved. Local 
action of the enzyme on the substrate releases the fluorescent 
inhibition caused by close proximity, and the detector molecule 
will fluoresce when illuminated with light of an appropriate 
wavelength. Bark and Kahn (2000) provided examples. 
■ Class-6: A bead coated with a mixed matrix combining elements of Class-4 

and Class-5. As in Class-4, receptor- A binds the cell of interest, 
without or with help from a chemoattractant, so that the cell 
continues to release an enzyme in close proximity to a substrate 
incorporating the fluorescent reporter B-C, as in Class-5. The 
enzyme from the localized cell (e.g., a bacterium) acts on the 
substrate and this releases the fluorescent inhibition caused by 
close proximity, so that the detector molecule will fluoresce when 
illuminated with light of an appropriate wavelength. 
Detection of signal emanating from a biosensor • ■ v 

[0043] Assuming incorporation of a fluorescent moiety (e.g., a 
fluorescent-protein biosensor; Giuliano and Taylor, 1 998), flow cytometry is common 
(microsphere analyte analysis; Morgan et al., 1996; McHugh, 1994; Nolan et al., 1999; 
Anonymous 1999c, 1999d). Flow cytometry of biosensors has been used to quantify 
protease, phospholipid antibodies, and water-soluble toxins (St. Piere et al., 1996; U.S. 
Patent No. 5,605,809; Laakel et al., 1996; Song et al., 1998). Other materials have been 
analyzed in solution, but could be used in a solid-phase assay (e.g., zinc and related 
cations or nucleic acids; Goodwin and Berg, 1996; Tyagi and Kramer, 1996). The other 
common approach to interrogate the biosensor is via a fiberoptic probe (various shapes, 
including microspheres; as above). 

[0044] Detection of a change intrinsic to the contents of a container or 
via a special biosensor (e.g., with a fluorescent reporter) requires an optical probe 
(Maroze et al., 1999), either an integral and fixed fiberoptic probe or a separate and 
removable fiberoptic probe. A fiberoptic probe integral to the container to be analyzed 
might read an inherent spectral property of materials within the bag. Alternatively, an 
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integral fiberoptic probe might indirectly monitor changes in internal contents via reading 
a change in an optical property of a biosensor element when the material of interest 
reaches an appropriate concentration in the immediate environment of the biosensor. 

[0045] In known devices, the biosensor is immobilized by covalent 
bonding to the face of the fiberoptic bundle or the biosensor is restrained close to the 
fiberoptic bundle with a perm-selective membrane. Such systems have been used to 
monitor anions, cations, biomass, glucose, lactic acid, NAD(P)H, 0 2 , CO2 and pH 
(Agayn and Walt, 1993; Kar and Arnold, 1995; Marose et al., 1998; Spichiger-Keller, 
1997; Tartakovsky et al., 1996; Urbano et al., 1984; Vaccari et al., 1994; Weigl et al., 
1994; Xu et al., 1998). These approaches cannot be used with a closed container. 

[0046] Hitherto, the only option for a closed container was to position 
a removable fiberoptic probe against an. optical window in the primary container to gather 
information from the materials within the container. However, information gathering has 
been limited to spectral properties inherent to the materials within the container (e.g., 
light scatter from biomass, fluorescent properties of metabolites such as NAD(P)H; 
Cavinato, et al., 1990). 

[0047] A device to interrogate changes in a closed primary container 
logically might include an immobilized biosensor, sampling a specific attribute of the 
contents of said closed primary container, with said biosensor protected in a separate 
closed sub-container within said device, with said biosensor retained in front of an optical 
window, with said optical window accessible to a removable fiberoptic detector without 
opening either said primary container or said sub-container, and with said device capable 
of facile incorporation into said primary container at the time of manufacture before 
sterilization. Solution of this hitherto unattainable goal is the subject of this invention. 
This is achieved by combination of existing technology on gated-pore membranes; 
bioactive polymers, proteins or lipid films;- and biosensors in a novel manner and adding 
flexibility offered by new materials and configurations in novel devices. Clearly, several 
elements are combined in a novel manner to provide such devices. 

[0048] In addition to the devices disclosed herein, uses of the functional 
. elements withhvthe described devices differ from uses in the prior art in several ways. 
Uses disclosed herein are not obvious extensions of the prior art. 
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[0049] These novel elements include: 

1 . In respect to bioactive non-protein or protein-polymers used to occlude pores and 
form a gated-pore membrane, the prior art does not teach the use of: 

(a) a bioactive material bound uniformly and primarily to the interior of 
tunnels of uniform diameter within a preformed membrane to provide a 
membrane completely blocking fluid flow until the membrane is exposed 
to the selected altered environment, after which flow rates for water, 
molecules or ions are similar to those through the raw membrane stock; 
or 

(b) black-lipid bilayers to occlude pores in a preformed membrane with the 
intent of forming gated-pores, opening after exposing the membrane to an 
appropriate environmental stimulus including such as bacterial toxins. 

2. In respect to uses' of biosensors, the prior art does not teach a method to position 
biosensors within a closed primary container in a manner where, after a pre-selected 
event, they can monitor and display changes within the primary container for repeated 
interrogation with a separate detector. 

3. In respect to receptor-signal molecules of the biosensor, the prior art does not 
teach the use of: 

. (a) pH-sensitive fluorescent complexes formed by attaching a fluorescein- 
dextran conjugate to carboxyl groups on a bead to provide a Class- 1 
receptor, allowing repeated measurements of pH by appropriate 
excitation and detection; 

(b) fluorescent receptor binding a-hemolysin, or other molecule, which 
changes conformation from non-fluorescent to fluorescent upon 
occupancy to provide a Class-2 receptor, allowing repeated measurements 
of soluble ligands released by bacteria by appropriate excitation and 
detection; 

(c) a fluorescent heparin-like receptor, receptor for other natural cell surface 
molecule, or a custom synthesized receptor, with either type binding 
specific ligands to provide a Class-3 receptor, allowing repeated 
measurements of bacterial accumulation or accumulation of unique 
bacterial products based on fluorescent resonance transfer during 
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appropriate excitation and detection; and 
(d) a mixed matrix such as a heparin-like receptor to bind bacteria combined 
with an a-hemolysin receptor conjugated to a fluorochrome to provide a 
Class-4 receptor, allowing repeated measurements of accumulation of 
unique bacterial products based on fluorescent resonance transfer during 
appropriate excitation and detection. . 

4. In respect to detection of the signal emanating from the biosensor, the prior art 
does not teach the use of fiberoptic probes to interrogate biosensors that are of special 
design and entirely separate from the probe, without placing the fiberoptic probe into the 
contents of each primary container. 

5. In respect to collection of bacteria on, or in close proximity to, the biosensor, the 
prior art does not teach the use of synthetic materials or biomaterials to enhance 
probability of detecting such organisms. 

[0050] The Examples illustrate how biosensors, as above, can be 
positioned in front of an optical window, accessible to a removable fiberoptic detector, 
while protected in a separate closed sub-container within the primary container. They are 
illustrative of the many uses of the invention, although the invention encompasses other 
biosensors, other membranes with open pores or gated-pores, other configurations, and 
other combinations of functional elements in the device. Examples of devices include 
reference to welding of a gated-pore membrane to a plastic construct. The invention is 
not limited by the plastic(s) used to form the device. The preferred welding process will 
depend on the plastic used to fabricate the construct, and the invention includes any 
method to assemble the device or incorporate it into the primary container, such as 
ultrasonic and radio-frequency welding or other methods known to those skilled in the 
art. Examples illustrate the variety of materials that can be used to form gated-pore 
membranes or serve as biosensors, in one or more types of devices, and the invention is 
not limited in respect to specific compositions or analytes. 

[0051] While examples provided illustrate detection of "unwanted 
agents", the principles disclosed also can be used to detect or measure accumulation of 
materials deemed to be beneficial to the system. An example would be signaling 
production of growth factors, a product of commercial value, by cells within a primary 
chamber. 
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[0052] The following list describes the Figs, in greater detail: 
Schematic representation of a gated-pore membrane prepared using a 
microporous or capillary-track membrane and unique material to occlude 
the pores (e.g., as in U.S. Patent No. 5,026,342). 

Schematic representation of changes in a receptor-fluorescent reporter 
group upon change from unoccupied receptor to occupied receptor-ligand 
complex, listed by biosensor class as detailed in the specification. A 
reporter group that is non-fluorescent is designated with a lower-case 
letter and a reporter group that can fluoresce when excited with light of 
appropriate wavelength is designated with an upper-case letter. 
Cross-section through a simple boat-shaped device as described in 
Example 1. The capillary-pore membrane (302) was processed with 
material (303) to plug the pores and make a gated-pore membrane (304). 
This membrane is bonded to a plastic construct (301) to form a cavity 
which then was filled with a biosensor (305) before the device was 
bonded via a flange (301a) to the primary container (306). 
Longitudinal section through a device, and also a top view, as described 
in Example 2. The biosensor-compartment in a cylindrical construct (411) 
was filled with a biosensor (405). A gated-pore membrane (404) was 
bonded to a recessed surface (411a) to seal the biosensor in the device. 
The device then can be incorporated into the seam of a primary container 
(not shown) so that the optical window (412) can be interrogated with a 
fiberoptic probe. 

Longitudinal section through a device, and also a top view, as described 
in Example 3. An optically clear cylindrical construct (511) was 
surrounded by an opaque outer concentric construct (515). The biosensor 
compartment was filled with a biosensor (505). A gated-pore membrane 
(504) was bonded to a recessed surface (515a) of the opaque outer 
concentric construct (515) to seal the biosensor in the device. The device 
then can be incorporated into the seam of a primary container (not shown) 
so that the optical window (512) can be interrogated with a fiberoptic 
probe. 
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Intensity of fluorescence from a solution of fluorescein isothiocyanate 
(FITC) in a device as a function of concentration of FITC. Device as in 
Fig. 5; measurements with fiberoptic detector using excitation at 480 nm 
and detection at 535 nm (thousands of fluorescent units). 
Intensity of fluorescence from beads in a device as a function of the ratio 
of beads labeled with fluorescein isothiocyanate (FITC) to plain beads. 
Device as in Fig. 5; measurements with fiberoptic detector using 
excitation at 480 nm and detection at 535 nm (thousands of fluorescent 
units). 

Intensity of fluorescence from beads in a device as a function of their 
known content of fluorescein isothiocyanate (FITC). Known contents of 
FITC were equivalent to 0.00, 0.22 and 1.20 million molecules of FITC 
in solution. Device as in Fig. 5; measurements with fiberoptic detector 
using excitation at 480 nm and detection at 535 nm (millions of 
fluorescent units). 

Intensity of fluorescence from beads, previously labeled with fluorescein 
isothiocyanate (FITC), in a device as a function of pH of the salts solution 
around the device and around the beads therein. Device as in Fig. 5; 
measurements with fiberoptic detector using excitation at 480 nm and 
detection at 535 nm (thousands of fluorescent units). 
Minimal effect of pH of a salts solution on fluorescence from 
phycoeiythrin-cyanin-5 strepavidin attached to beads. Device as in Fig. 
5; measurements with fiberoptic detector using excitation at 480 nm and 
detection at >640 nm (thousands of fluorescent units). 
Ratio of emissions from beads responsive to pH and non-responsive to pH 
can be used to normalize data for irregularities of response or color of the 
medium. The device contained a mixture of beads labeled with 
fluorescein isothiocyanate (pH responsive; Fig. 9) and phycoerythrin- 
cyanin-5 strepavidin (pH non-responsive; Fig. 10). The ratio of emission 
at 535 nm and >640 nm was calculated as a function of pH of the salts 
solution around the device and around the beads therein. Device as in 
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Fig. 5; measurements with fiberoptic detector using excitation at 480 nm 
and detection at 535 nm and >640 nm (raw values ranged between 75,000 
and 135,000 relative fluorescent units). 

The invention is further illustrated in the following examples: 
EXAMPLE 1 

[0053] A simple device (Fig. 3) can be used to monitor one of a variety 
of changes within a closed primary container. It is formed from a shallow, plastic 
construct (301) with an external flange (301a) on one side and a gated-pore membrane 
(304) welded to the other side. After filling the construct with a biosensor (305) 
providing a signal detectable by a human eye (e.g., plastic beads that change color when 
bathed in an aqueous fluid), the construct is welded to a convenient location on the wall 
of the primary container (306). This device depends on selectivity in response of the 
gated-pore membrane as the primary mechanism regulating change in a simple biosensor. 
When thus positioned, changes in the signal from the biosensor can be detected visually 
through a portion (307) of the primary container, without opening the primary container. 

EXAMPLE 2 

[0054] Another device (Fig. 4) can be used to monitor one of a variety 
of changes within a closed primary container, when visual detection of changes in the 
biosensor or the configuration of the device in Example 1 is inappropriate. This device 
can be of any convenient shape and formed from any plastic, but a cylindrical plastic 
construct formed from clear acrylic plastic is favored for some applications, and a clear 
optical window transmitting the portion of the spectrum of interest is essential. The 
device of Fig. 4 is a cylindrical acrylic construct (411) ^with a biosensor compartment 
formed by an optical window (412), a gated-pore membrane (404) responding to any 
aqueous environment, and the walls of the construct. After the biosensor compartment 
is filled with a biosensor (405) capable of detecting the desired change within the primary 
container, the gated-pore membrane is welded to the surface (41 la) of a recess in the end 
of the construct. After the device is incorporated into a primary container (not shown) 
and the container is filled with a suspension of cells of interest, the biosensor can be 
interrogated without opening the primary container, when desired, by positioning the tip 
of a separate fiberoptic probe (not shown), as known to those skilled in the art, against 
the optical window (412). This device uses the gated-pore membrane simply to protect 
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and isolate the biosensor until the primary container is filled, for example with a cell 
suspension, after which the gates open in <30 minutes and selectivity in response to a 
predetermined analyte and intensity of signal are properties of the biosensor and amount 
of material impinging thereon. 

EXAMPLE 3 

[0055] A third device (Fig. 5) incorporates an opaque outer plastic 
element (515), with accommodation (515a) to weld a gated-pore membrane (504) to this 
part of the device, positioned around and bonded to an inner element (511) which is a 
clear plastic construct similar to the device of Example 2 and contains a biosensor (505) 
capable of detecting the desired change within the primary container. This device can be 
of any convenient shape and formed from any plastic, but a cylindrical concentric 
construct is favored for some applications. The outer opaque element (515) might be of 
colored polyvinyl chloride to shield the biosensor from stray light and facilitate welding 
the device into a polyvinyl chloride blood bag, and the inner element of clear plastic so 
that the optical window (512) will transmit the portion of the spectrum of interest. This 
device can be used to monitor one of a variety of changes within a closed primary 
container, when stray light might affect detection of the signal from the biosensor, by 
positioning the tip of a separate fiberoptic probe (not shown), as known to those skilled 
in the art, against the optical window (512). This device uses a gated-pore membrane to 
protect and isolate the biosensor until the primary container is filled and for a 
predetermined interval (e.g., 0.5, 2 or 5 days) thereafter or until a predetermined threshold 
of a specific change in contents of the primary container is reached (e.g., concentration 
of first analyte), after which the gates open and the biosensor begins to monitor changes 
in concentration of the same molecule or ion triggering the gated-pore membrane. 
Alternatively, the biosensor can be used to monitor concentration of a second analyte 
with intensity of the signal from the biosensor dependent on properties of the biosensor 
and amount of second analyte impinging thereon. 

EXAMPLE 4 

[0056] Capability of a device as in Figure 5 to detect changes in 
fluorescence was established. A commercial fiberoptic spectrometer (S2000-FL; Ocean 
Optic, Inc ) was equipped with optic filters suitable for desired analysis (excitation at 480 
nm and detection of emission at 535 nm), and interfaced to a computer as recommended 
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by the manufacturer. This was used to evaluate a series of solutions and particle 
suspensions. First, standard solutions of fluorescein isothiocyanate (FITC) were prepared 
and 0.075 ml aliquants were placed within the biosensor compartment (505). The 
intensity of fluorescence from FITC was recorded. There was a linear increase in 
measured intensity with increasing concentration of FITC (Fig. 6). Next, mixtures 
microspheres (6-8 micrometers, Spherotech Inc.) without and after conjugation with 
FITC were prepared. In succession, several ratios of labeled to unlabeled beads were 
placed into the biosensor compartment (505), in 0.05 ml. Intensity of fluorescence from 
FITC was recorded for each mixture. There was a linear increase of intensity of 
measured fluorescence from FITC as the proportion of labeled beads increased (Fig. 7). 
This established the capability of the external fiberoptic detector to correctly assess 
emission, output from a chromophore, on a solid support as anticipated for biosensors 
accomplishing designated tasks in detection of known ligands, placed within the 
biosensor compartment. 

EXAMPLE 5 

[0057] A series of beads of known FITC content (Quantum 25 - #825; 
Flow Cytometry Standards Corp) was purchased, and 0.05 ml of each suspension were 
placed in a device as in Fig. 5. A linear response was noted (Fig. 8). Importantly, the 
coefficient of variation for replicate measurements using the fiberoptic detector and beads 
(505) within the biosensor compartment was within the coefficient of variation provided 
for these standards by the supplier, and presumably measured under optimum conditions. 
To provide a relation to data of Fig. 6, the bead suspensions also were evaluated relative 
to a standard curve of known amounts of FITC in a microplate fluorometric reader. The 
highest concentration of beads tested was equivalent to 4 nM FITC. 

EXAMPLE 6 

[0058] Beads suitable for use as an "optical bench" were prepared by 
co valent attachment of dextran (#1820; Molecular Probes) containing both FITC and 
lysine to 10 micrometer diameter carboxylate beads (Polysciences, Inc), using standard 
carbodiimide coupling chemistry. This provided an immobilized fluorophore, known by 
those versed in the art to be responsive to pH through the FITC function and suitable for 
analysis of pH. Localization of the FITC at a sufficient distance from the bead surface, 
by means of the dextran, eliminated problems related to the well-known surface effects 

-21- 



on fluorescence. The biosensor cavity was filled with the bead suspension (505), and the 
membrane (504) attached. Beads were allowed to settle onto the optical window (512). 
The filled cylindrical construct then was placed into a phosphate buffered saline solution 
with pH and temperature (21.5 ± 0.5 C) monitored using a standard laboratory meter. 
Acid or base was added to change the pH, and fluorescence intensity was measured after 
allowing 30-60 minutes for equilibration. Resulting data (Fig. 9) clearly established that 
pH in the microenvironment of a biosensor, within the device of Fig. 5, can be measured 
with an external detector. Most importantly, the anticipated pH-related change in 
intensity of fluorescence detected was similar to published data (i.e., linear 2.0-2.5 fold 
increase in intensity between pH 6.0 and pH 8.0). Additional experiments (data not 
presented) established, as in Example 4, that unlabeled beads could be added to fill the 
chamber without degradation of signal intensity. Note that we allowed a 30 minute 
response time to insure stability of conditions around the beads after adding acid or base. 
However, response time could be reduced substantially by agitation of the primary 
container, or by design of the integral sensor to increase the amount of gated-pore 
membrane enclosing the biosensor cavity and thus reduce time for protons or other 
ligands to enter and interact with the biosensor. 

EXAMPLE 7 

[0059] Samples to be analyzed might contain components that will 
interfere with direct fluorescence measurements. For example, it is well-known that 
human plasma can contain variable amounts of "yellow" materials that could absorb 
incident light at the excitation wavelength. Optical density at 480 nm was measured for 
13 different samples of human blood plasma (cell free), and absorbance averaged 0.554 
(standard deviation was 0.428; range from 0.12 to 1 .30), but was much lower at >500 nm. 
Clearly, this wide a range in absorbance could affect the light available for excitation of 
a biosensor incorporating, for example, FITC as the signal moiety. , 

[0060] Use of an internal standard is a classic analytical approach to 
reduce impact of non-uniformity in the matrix of a signal system. A second detector bead 
system (B-2) could be constructed so that it shared excitation wavelength with the 
primary bead (B-l; e.g., FITC), but emitted at a distinctly different wavelength than B-l 
and was unaffected by the ligand altering response of the biosensor of bead B-l (e.g., 
protons in case of FITC). This would allow excitation of both fluorochromes 
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concurrently under identical conditions, and alternating measurement of emission from 
B-l and B-2. Calculation of the ratio B-l/B-2 would allow detection of changes in 
emission from B-l without substantial impact from a wide range in absorbance of 
exciting light by components in the matrix. This approach should be useful with products 
ranging from blood cells to orange juice. 

[0061] To illustrate utility of such an approach, a general bead coating 
was developed by covalently attaching biotin-dextran (D-1956; Molecular Probes) to TO 
micrometer diameter carboxylate beads (Polysciences, Inc.), using standard carbodiimide 
coupling chemistry. This provided a common attachment site on the beads for avidin- 
strepavidin conjugates. Assuming beads of biosensor B-l used FITC, materials suitable 
for service as B-2 should be excited (absorb) at 480 nm, emit at a wavelength distinct 
from 535 nm, and have a response independent of pH. Examples include reagents 
available from Coulter Diagnostics such as: Strepavidin-PC5 (strepavidin conjugated to 
phycoerythrin-cyanin 5; excitation 486-580; emission 660-680) and EDC (strepavidin 
conjugated to phycoerythrin-Texas Red7-x; excitation 486-580; emission 610-630). It 
is well-known to those versed in the art that many other combinations can be used to 
correct for effects on either excitation or emission wavelengths. We used the PC-5 
system and evaluated freedom from a pH-driven shift in emission. As evident in Fig. 10, 
with excitation at 480 nm and emission (from the cyanin-5) measured using a >640 long- 
pass filter, there was little change in intensity of emission between pH 6.0 and pH 8.5. 
This was very different from the response of FITC (Fig. 9). 

EXAMPLE 8 

[0062] The concept of a ratio correction (see above) and observations 
from Examples 6 and 7 were directly tested to illustrate utility of a ratiometric analysis 
of pH using an integral sensor as in Fig. 5. Two different biosensor beads were prepared, 
mixed in an appropriate ratio, and placed (505) within the cavity of the integral sensor, 
fabricated from a type of acrylic plastic known to have optical properties appropriate for 
this application. The gated-pore membrane (504) was fabricated from capillary-pore 
membrane stock (RoTrac® polyester membrane, Oxyphen AG; 3 jum pore diameter; 60 
g/m 2 polyester backing) using methylcellulose to occlude the pores, and the resulting 
gated-pore membrane was used to seal beads B-l and B-2 into the device. The pH 
sensitive biosensor (B-l) was FITC dextran attached to a polystyrene support (as in 
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Example 6) and the pH insensitive biosensor (B-2) was EDC-strepavidin attached to 
biotin/dextran polystyrene (see Example 7). The same fiberoptic fluorometer (S2000-FL; 
Ocean Optic, Inc.) was used to interrogate the device, as pH of the salts solution was 
changed as in Example 6. The system was excited, at 480 nm and emission read with 
both the 535 nm and >640 nm filters. Resultant data (Fig. 1 1) show excellent linearity of 
response in the range of interest to blood banks, pH 6.0 to 7.0. Use of human 
erythrocytes for infusion into a recipient is ill advised if the contents are at pH <6.2. 
Detection of pH within a primary container (i.e., conventional plastic blood bag) 
containing erythrocytes or platelets should be easy if the bag was fabricated to include a 
device as in Example 8. Resultant measurements of pH should not be affected by bag-to- 
bag differences in background colors typical of blood products. 

EXAMPLE 9 

[0063] A device, fabricated as in Figs. 4 or 5, can use a Class-5 
biosensor (see Fig. 2) to detect accumulation of a protease secreted by bacteria within a 
closed primary container. Active elements of the integral detector would be as detailed 
above, except that plastic beads would be coated with "doped" lipid to provide a Class-5 
biosensor. The lipid would be "doped" with an enzyme substrate synthesized with 
fluorescent moieties ("a" and "b"; inhibiting each other' s emission because of proximity) 
incorporated on either side of the proteolytic cleavage site. Thus, fluorescence of the 
enzyme substrate is mutually inhibited by close proximity of receptors "a" and "b" if the 
substrate molecule is intact. However, enzymatic cleavage of the substrate allows 
separation of the fluorescent moieties associated "a" and "b" and emission of a detectable 
signal during interrogation with exciting light of the appropriate wavelength. One 
example of such a biosensor suitable for attachment to an avidin-strepavidin coated bead 
is: biotin-(6-aminohexanoicacid)-(6-aminohexanoicacid)-(6-aminohexanoicacid)- 
Lys(Tamara)-(6-aminohexanoicacid)-Ala-Phe-Glu-Ala-Leu-(6- 

aminohexanoicacid)BCys(Texas Red)-Gly-COOH. The "-Ala-Phe-Glu-Ala-Leu-" 
sequence should be useful for detecting proteases known to be secreted from a variety of 
bacteria including Bacillus cereus, Escherichia coli, Poteus mirabilis, Serratia 
marcescens, Staphyloccous aureus, and Streptococcus species. Other similar substrates, 
exhibiting appropriate susceptibility to hydrolases, can be designed as appropriate, using 
assumptions known to those skilled in the art. 
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EXAMPLE 10 

[0064] A device, fabricated as in Figs. 4 or 5, can use a Class-6 
biosensor (see Fig. 2) to accumulate bacteria and increase sensitivity for detection of a 
protease secreted by bacteria within a closed primary container. Active elements of the 
integral detector would be as detailed above, except that plastic beads "doped" lipid 
would be used to fabricate a Class-6 biosensor. A material binding the bacteria of 
interest (e.g., fibronectin, laminin, type-4 collagen) would serve as receptor "a" (see Fig. 
2). The coating of this biosensor also would include an enzyme substrate synthesized 
with fluorescent moieties ("b" and "c"; inhibiting each other's emission because of 
proximity) incorporated on either side of the proteolytic cleavage site. As described in 
Example 9, the enzyme substrate might be: biotin-(6-aminohexanoicacid)-(6- 
aminohexanoicacid)-(6-aminohexanoicacid)-Lys(Tamara)-(6-aminohexanoicacid)-Ala- 
Phe-Glu-Ala-Leu-(6-aminohexanoicacid)BCys(Texas Red)-Gly-COOH. Streptococus 
pyrogenes are. known to bind to the fibronectin serving as receptor "a" and secrete 
proteases that can cleave the -Ala-Phe-Glu- Ala-Leu- peptide integral to receptor "b" and 
"c" removing the proximity inhibition to their fluorescence. Consequently, as 
Streptococus pyrogenes, or other bacteria, proliferated in the primary container they 
would accumulate on the biosensor and the fluorescent signal detectable on probing with 
a fiberoptic fluorometer would reflect the extent of bacterial contamination in the primary 
container. 

[0065] This invention is very broad and the examples presented herein 
are illustrative, but do not limit the scope of the invention. 
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